(19) 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets (11) 

EUROPEAN PATENT APPLICATION 



iiiiiii 

EP 0 942 071 A1 



(43) Date of publication: 

15.09.1999 Buiietin 1999/37 

(21) Application number: 99101774.0 

(22) Date of filing: 12.02.1999 



(51) Int Cl.«: C22F 1/04, C22C 21/00. 
B41N 1/08 



(84) 


Designated Contracting States: 


• Nishlkawa, Yasuhlsa, 




AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 


Nippon Light iVIetai Comp. Ltd. 




MCI ML PT 

iWlw rVL r ■ wC 


ihara-Qun Shizuoka rJPI 




Designated Extension States: 


• YamagishI, Tomohide, 




ALLTLVMKROSI 


Nippon Light iVIetai Comp. Ltd. 
inazawa-shi, Aichi (JP) 


(30) 


Priority: 09.03.1998 JP 5673398 


• iMIzushima, Kazumitsu, 


(71) 


Applicants: 


Nippon Light iVIetai Comp. Ltd 


Inazawa-shi, Aichi (JP) 


• 


Nippon Light iVIetal, Co. Ltd. 


• Sawada, Hirokazu, 




Shinagawa-icu, Tokyo 140-0002 (JP) 


Fuji Photo Rim Company, Ltd. 


• 


Fuji Photo Him Co., Ltd. 


Halbara-gun, Shizuoka (JP) 




Kanagawa-ken (JP) 


• Sakaki, Hirokazu, 


(72) 


inventors: 


Fuji Photo Rim Company, Ltd. 
i-laibara-gun, Shizuoka (JP) 


• 


Suzuki, ICidekl, 




Nippon Light iVIetal Company, Ltd. 


(74) Representative: HOFFIVIANN - EITLE 




ihara-gun, Shizuoka (JP) 


Patent- und Rechtsanwaite 
Arabeliastrasse 4 
81925 iVIOnchen (DE) 



< 

o 



Q. 
LU 



(54) Process for producing aluminum alloy sut>strate and use thereof for lithographic printing 
plate 

(57) In order to produce an aluminum alloy sub- 
strate for a lithographic printing plate wherein grain 
structure refining ancJ homogenizing are promoted, and ^ 
the uniformity of the appearance of the grained surface'' 
is particularly improved, the process of the present 
invention comprises the steps of: homogenizing an alu- 
minum alloy ingot comprising 0.10 to 0.40 wt% of Fe, 
0.03 to 0.30 wt% of Si. 0.004 to 0.050 wt% of Cu. 0.01 
to 0.05 wt% of Ti. 0.0001 to 0.02 wt% of B and the bal- 
ance of Al and unavoidable Impurities, at temperatures 
of 350 to 480*^0. successively hot-rolling the ingot with a 
plurality of passes in such a manner that the aluminum 
alloy Is not reaystailized prior to the hot rolling of the 
final pass and recrystalllzed at least in the surface layer 
of the hot-roiied plate by only the hot rolling thereof to 
form a recrystalllzed structure having an average 
recrystallized grain size of less than 50 nm in a direction 
normal to the rolling direction, and cold-rolling the hot- 
rolled plate. The reduction of the plate in the hot rolling 
of the final pass is desirably at least 55%. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Reld of the Invention 

[0001] The present Invention relates to a process for produdng an aluminum alloy substrate for a lithographic printing 
plate which has a necessary strength and a uniform grainable surface, and which shows, after graining, substantially 
no streak patterns formed by streaks, etc., and a uniform appearance. 

10 

2. Description of the Related Art 

[0002] Generally, an aluminum alloy sheet 0.1 to 0.5 mm thick (JIS 1050, etc.) has been used as an aluminum alloy 
substrate for a lithographic printing plate. Such an aluminum alloy sheet has usually been produced by scalping an ingot 
IS obtained by semicontinuous casting so that the surface portion is removed, homogenizing the scalped ingot, hot-rolling 
the homogenized ingot, cold-rolling the hot-rolled plate, intermediate-annealing the cold-rolled plate, and finally cold- 
rolling the annealed plate. 

[0003] The aluminum alloy substrate for a lithographic printing plate thus produced is grained by either one of or a 
combination of at least two of the following steps: a mechanical step, a chemical step and an electrochemical step. The 
20 grained aluminum alloy substrate is further anodized, and optionally subjected to hydrophilic treatment to give a litho- 
graphic printing plate support. The substrate Is further coated wHh a photosensitive material to form a photosensitive 
layer, and is optionally subjected to a heating-burning treatment so that the photosensitive layer Is strengthened, to give 
a photosensitive lithographic printing plate. 

[0004] The lithographic printing plate is then successively subjected to treatment for produdng a printing plate such 
25 as image exposure, development, water washing and lacquering to give a printing original plate. The photosensitive 
layer remaining still undissolved after the development Is water repellent, and forms image areas as an ink-accepting 
portion which selectively accepts ink alone; the surface of the aluminum alloy support under the photosensitive layer is 
exposed in the portion where the photosensitive layer is dissolved, and the portion forms nonimage areas as a water- 
accepting portion due to its hydrophilic property. In development, the quality of the development is judged by visually 
30 observing the developed surface. Accordingly, an aluminum alloy substrate having a highly uniform surface which does 
not hinder the visual judgment is required. 

[0005] When printing is to be carried out, both end portions of the printing original plate are bent, gripped In the orig- 
inal plate fixtures of the printing drum of a printer, and fixed. Accordingly, the substrate for a lithographic printing plate 
must be excellent In bendability and mountability on a printing drum, and hardly forms cracks In the bent portion during 
35 printing. 

[0006] When dampening water is supplied to the original plate which is fixed as explained above, the water Is hekJ in 
nonimage areas alone where the photosensitive layer is removed and a hydrophilic alloy substrate surface is exposed, 
and it is not held in image areas where a water repellent photosensitive layer surface remains. When ink is supplied to 
the original plate surface in such a state, the ink adheres to the image areas alone, and is held there. The ink adhering 

40 to and being held in the image areas is further transferred to a bracket drum, and then it is transferred to a surface to 
be printed such as a paper sheet surface from the bracket drum, whereby printing is conducted. 
[0007] Sometimes the number of prints is as many as 100,000, for exanple. The lithographic printing plate support 
must have a property of resisting transferring as many times as mentioned above, namely, resistance to printing. At the 
same time, the original plate must not form cracks in a bent portion as explained above, and the original plate used after 

45 buming must have a high proof stress and must not be shifted from a printing drum. Moreover, the original plate must 
have a water retention property for suff idently holding dampening water so that ink does not adhere to nonimage areas. 
Furthermore, when pitting corrosion is produced in nonimage areas with dampening water, ink adheres to the nonim- 
age areas during printing, which results in scumming or tinting of printed materials. Accordingly, in order to prevent 
scumming or tinting during printing, it is important to ensure corrosion resistance as well as water retention of the orig- 

60 inal plate. In order to ensure these properties, it is necessary to obtain an excellent uniformity of the grained surface, by 
graining treatment such as electrochemical treatment, and resistance to corrosion and a defecttess anodic oxide film of 
the support 

[0008] Japanese Examined Patent Publication (Kbkoku) No. 5-28197 discloses a process for producing an aluminum 
alloy substrate for a lithographic printing plate which shows less scumming or tinting, comprising the steps of; holding 
55 an ingot as a homogenizing treatment at temperature of 460 to 600^0. desirably 520 to 600''C for at least 1 hour, hot- 
rolling the ingot with at least several rolling passes so that recrystallization and precipitation are repeated, the hot rolling 
being completed at temperatures of at least 300*C, and cold-rolling tiie hot-rolled plate while the cold-rolled plate is 
intermediate-annealed during cold rolling by heating the plate to a selected temperature of 400 to GOO^'C and rapidly 
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cooling the plate at a rate of at least 5O0''C/sec so that precipitation of metallic Si is inhibited. 
[0009] Japanese Unexamined Patent Publication (Kokai) No. 8-179496 discloses a process for producing an alumi- 
num alloy substrate for a lithographic printing plate excellent in visible image formability in exposure and development, 
wherein homogenizing is conducted at temperatures of 500 to eOO^'C. rough hot-rolling Is started at a temperature of 
5 430 to 480'*C. hot roiling is repeated with a plurality of passes so that dynamic recrystallisation is caused, rough hot roll- 
ing is finished at a temperature of 380 to 430°C to give a plate having a thickness of 10 to 35 mm, and finish hot-rolling 
is completed at a temperature of 260 to 350''C to form a fine recrystallized structure. 

[0010] Japsmese Unexamined Patent Publication (Kokai) No. 62-148295 discloses a process for producing an alumi- 
num alloy substrate for a lithographic printing plate, comprising the following procedures: an aluminum alloy is homog- 

10 enized at temperatures of 500 to SOO^'C for at least 3 hours, and cooled to a temperature up to 430°C at a rate up to 
50**C/h or the alloy is held at temperatures of 350 to 450*^0 for at least 30 minutes, so that precipitation of metallic Si is 
inhibited by precipitating Si contained in the alloy as Al-Fe-Si compounds and the occurrence of scumming or tinting is 
decreased; the alloy is hot-rolled at temperatures of 450 to 200^*0 to prevent the recrystallized grains from becoming as 
coarse as at least 100 among passes arxl to inhibit the formation of streak patterns. In additton. the Intermediate 

15 annealing subsequent to hot rolling is conducted by holding the plate at temperatures of 350 to 500°C for 2 to 5 hours, 
or passing the plate through a temperature region of 400 to 550°C in a continuous annealing furnace for a time up to 
120 sec. 

[0011] Japanese Unexamined Patent Publication (Kokai) No. 61-201747 discloses a process for producing an alumi- 
num alloy substrate for a lithographic printing plate wherein the core region of the substrate is made a stripe-like rolled 
20 structure to decrease the strength towering of the photosensitive layer subsequent to burning, by starting hot rolling at 
a temperature of 480 to 550*^0, and finishing hot rolling at a temperature of at least 320''C so that the hot-rolled plate 
has a thickness of 2.5 to 3.5 mm. 

[0012] Any of the conventional technologies mentioned above form a fine and uniform grain structure in the substrate 
by repeating recrystallization during hot rolling. 
25 [0013] In particular, tiie support for a lithographic printing plate has been required to have uniformity in appearance 
where no streak patterns such as streaks are substantially observed, so that a uniform grained surface can be obtained 
by electrochemical graining and tiie quality of the sppport can be surely judged when development is conducted after 
exposure. 

[0014] The substrates for lithographic printing plates have been required to have still higher quality in recent years, 
30 and the grainable surface of the substrates is particulariy required to have a still higher uniformity in appearance. 

[0015] However, there have been limitations on refining and homogenizing the grain structure in the conventional 
technologies as mentioned above, and it has been difficult to improve the uniformity in appearance of the grainable sur- 
face. 

35 SUMMARY OF THE INVENTION 

[0016] An object of the present invention is to provide a process for produdng an aluminum alloy substrate for a lith- 
ographic printing plate overcoming tiie limitations of the prior art as mentioned above, accelerating refining and homog- 
enizing the grain structure, and particularly improving the uniformity in appearance of the grainable surface. 
40 [0017] In order to achieve tiie object as mentioned above, tiie present invention provides a process for producing an 
aluminum alloy substrate for a lithographic printing plate, comprising the steps of: 

preparing an aluminum alloy Ingot comprising 0.10 to 0.40 wt% of Fe. 0.03 to 0.30 wt% of Si, 0.004 to 0.050 wt% 
of Cu, 0.01 to 0.05 wt% of Ti, 0.0001 to 0.02 wt% of B and the t>alance of Al and unavoidable impurities, 

45 homogenizing the ingot at temperatures of 350 to 480*'C, 

subsequentiy hot-rolling the ingot in a plurality of passes to form a hot-rolled plate in such a manner that the alumi- 
num alloy is not recrystallized prior to a final pass of said plurality of passes and Is recrystallized at least In the sur- 
face layer of the hot-rolled plate, and only in the final pass, to form a recrystallized structure having an average 
recrystallized grain size of less than 50 pm in a directk)n normal to the rolling direction, and 

so cokJ-rolling tiie hot-rolled plate. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] The reduction of hot-rolling in the final pass is desirably at least 55%. 
55 [0019] The maximum recrystallized grain size of tiie recrystallized structure in a direction normal to the rolling direc- 
tion is desirably less than 100 ^m. 

[0020] One of the features of the process according to the present invention is to homogenize the ingot at tempera- 
tures of 350 to 480**C which are lower than before. The homogenizing treatment of the ingot uniformly precipitates those 
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afloying elements which have been dissolved in supersaturation during casting, as fine intermetallic compounds. The 
uniformly dispersed fine precipitates have the pinning effect of trapping dislocations introduced by hot rolling, and act 
to prevent or delay progress of the recovery and recrystallization step which takes place among passes in the course 
of hot rolling. The pinning effect of dislocations brougfit about by the uniform dispersion of fine precipitates also pro- 
5 motes uniform refining of the recrystallized grain structure in the surface layer of the plate after hot rolling of the final 
pass. 

[0021] Another feature of the process according to the present invention is not to cause recrystallization substantially 
in the course of hot rolling, and to cause recrystallization only after the final pass. Recrystallization realized in a com- 
mon aluminum alloy In a conventional hot rolling step Is substantially static recrystallization taking place between rolling 
10 passes. The uniformly dispersed fine precipitates as explained above effectively prevent realization of recrystallization 
between passes. As a result, work strain introduced into the material during the entire hot roiling step is accumulated 
and held after the final pass. The material in such a state realizes recrystallization all at once after the final pass, and 
an extremely fine and highly uniform recrystallized grain structure is formed. 

[0022] Recrystallisation of the material has heretofore been rather positively realized in the course of liot rolling, and 

IS it has been repeated in each pass to form a uniform arxJ fine recrystallized grain structure finally. However, the proce- 
dure has been incapable of preventing formation of streaks or streak patterns to such a degree that the product meets 
the recent requirement for high quality. Reasons for the lack of prevention are considered to be as explained below. 
[0023] That is, causing recrystallization of the material in each of the passes results in annihilating work strain intro- 
duced into the material in the pass by the recrystallization. A large strain is. therefore, never fbrmed. Although strain 

20 introduced into the material by rolling is macroscopically uniform, it is nonuniform when tiie strain is microscopically 
observed or when strain of individual grains is observed. The strain amount differs from region to region of the order of 
a grain. Accordingly, even when a macroscopic strain amount enough for suffidentiy causing recrystallization of the 
material has been imparted thereto, there may remain some microscopic regions, of the order of a grain, which have 
not suffered strain necessary for recrystallizing the material. Moreover, since micro-segregation is formed in the ingot 

25 during casting, there are the following regions here and there within the material: regions where the recrystallization 
temperature is high, that is. regions where realization of recrystallization requires a large strain: and regions where the 
strength is high and deformation of the material is difficult compared with the peripheral regions, that is. regions where 
strain is difficult to introduce. The presence of such regions where the nonuniformity of microscopic strain and the non- 
imifbrmity of material structure are superimposed realizes coarse recrystallized grains and fine recrystallized grains 

30 after hot rolling of the final pass to form a nonuniform recrystallized structure remaining, after cold rolling, as streaks or 
streak patterns which are elongated in the rolling direction and are large, and wfiose widths in a direction normal to the 
rolling direction are irregular. 

[0024] In the process of the present invention, recrystallization is not caused substantially in the course of hot rolling, 
and work strain introduced in every pass is not annihilated and accumulated and held until after the final pass, whereby 

35 a large strain can be fbrmed. Even when there are nonuniformity of microscopic strain and nonuniformity of the material 
structure as explained above, strain in an amount sufficient for realizing uniform and fine recrystallization in every 
region, particularly in the surface layer of the hot-rolled plate can be imparted to the plate. Accordingly, a uniform and 
fine recrystallized grain structure can be obtained, and streaks or streak patterns can be remarkably decreased. 
[0025] Accoixltng to the present invention, realization of the recrystallization among passes in hot rolling can be pre- 

40 vented by unifbrmly dispersing fine precipitates as explained above. Therefore, tiie hot roiling step itself is not specifi- 
cally required to be altered, and a conventional hot rolling step is satisfactory. Although the hot rolling must be regulated 
so tiiat a time from pass to pass does not become excessively long, it is suff ident to conventionally regulate the hot roll- 
ing to such a degree that the material temperature is ensured. TTiere is no necessity to substantially increase regulation 
points. 

45 [0026] As explained above, in tiie present invention, an ingot is homogenized at temperatures lower tiian those in con- 
ventional procedures to uniformly disperse fine intermetallic compounds. The ingot in such a state is hot rolled, and 
realization of recrystallization which has conventionally been utilized positively is prevented. Conversely recrystalliza- 
tion is caused all at once in the final pass. Consequentiy, an extremely fine and uniform recrystallized grain structure 
having an average grain size less than 50 lom in a direction normal to the rolling direction can be easily obtained partic- 

50 ulariy in the surface layer of the hot-rolled plata An aluminum alloy sut)strate for a lithographic printing plate having an 
extremely high uniformity in appearance of tiie gratnable surface can be produced by conventionally cold-rolling the hot- 
rolled plate. 

[0027] The chemical composition of the aluminum alloy in the present invention is restricted for reasons as explained 
below. 

55 [0028] The Fe content is defined to be from 0. 1 0 to 0.40 wt%. 

[0029] Fe is an element necessary for refining grains of the cast structure in addition to forming AI-Fe-based and Al- 
Fe-Si-t}ased Intermetallic compounds and imparting a strength to tiie substrate. When the Fe content exceeds 0.40 
wt%. AI-Fe-based and AI-Fe-Si-based coarse compounds are formed, and the local nonuniformity of chemical proper- 
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ties becomes significant As a result, the pit shapes on the electrochemically grained surface become nonuniform. 
When the Fe content becomes less than 0.10 wt%, the effect of refining grains of the cast structure cannot be obtained, 
and the uniformity in appearance of the electrochemically grained surface is reduced by the presence of coarse grains. 
Furthermore. Fe is usually an element contained in an aluminum alloy as an impurity, and the production cost of the 
5 substrate rises when the Fe content is ddined to be less than 0.1 0 wt%. 
[0030] The Si content is defined to be from 0.03 to 0.30 wt%. 

[0031] Si is an element necessary for forming AI-Fe-Si-based intermetallic compounds and imparting strength to the 
substrate. When the Si content is less than 0.03 wt%. the effect becomes insufficient. On the other hand, when the Si 
content exceeds 0.30 wt%, coarse AI-Fe-Si-based intermetallic compounds are formed, and the local nonunifbrmity of 
10 the electrochemical properties of the sut)strate becomes significant. Consequently, the pit shapes of the electrochemi- 
cally grained surface become nonunifomx Moreover, metallic SI is formed to unpreferabiy promote scumming or tinting 
in nonln^age areas. Furthermore. SI is an element usually contained in an aluminum alloy as an impurity. When the Si 
content is defined to be less than 0.03 wt%, the production cost of the substrate rises. 

[0032] The Cu content is defined to be from 0.004 to 0.05 wt%. Cu is an element which greatly influences electro- 

15 chemical graining. When the Cu content is less than 0.004 wt%. the pit density on the electrochemically grained surface 
becomes high. As a result, the pit size becomes excessively small, or the pits are strained. On the other hand, when 
the Cu content exceeds 0.05 wt%, the pit density on the electrochemically grained surface lowers. As a result, the pit 
size becomes excessively large or unetched regions (ungrained portions) remain. Consequently, the water retention of 
nonimage areas is reduced. arKi sucmming or tinting of the plate increases during printing. 

20 [0033] The Ti content is defined to be from 0.01 0 to 0.050 wt%. 

[0034] Ti is effective in refining the grains of the cast structure Therefore. Ti is useful for preventing crack formation 
during casting, and effective In preventing streak formation on the grainable surface caused by grain coarsening of the 
cast structure. Moreover. Ti is an element greatly influencing electrochemical graining. When the Ti content is less than 
0.010 wt%. the effect of refining the grains of the cast structure is insignificant, and the pit density on tiie electrochem- 

25 Ically grained surfece is lowered, whereby a uniform grained surface cannot be obtained. On the other hand, when the 
Ti content exceeds 0.050 wi%, not only the effect of refining grains of the cast structure is saturated, but also Al-Tl- 
t>ased coarse compounds are formed conversely, whereby tiie grains of the cast structure become nonuniform. More- 
over, since the pit density on the electrochemically grained surface becomes excessively high, the pit shapes are 
strained, and the grained surface becomes of general dissolution. As a result the water retention of nonimage areas is 

so reduced, and scumming or tinting during printing increases. 

[0035] The B content is defined to be from 0.0001 to 0.020 vtft%. 

[0036] B is added together with Ti, and is effective in refining grains of the cast structure. The effect is more significant 
compared with that of adding Ti alone. When the B content is less than 0.0001 wt%, the effect is insignificant On the 
other hand, when the B content exceeds 0.020 wt%, not only the effect of refining grains of the cast structure is satu- 
35 rated, but also Ti-B-based coarse conrpounds are formed conversely, whereby the grains of the cast structure become 
nonuniform. As a result, the pit shapes are strained, and the water retention of tiie nonimage areas is reduced, whereby 
scumming or tinting increases during printing. 

[0037] The Al alloy sometimes contains elements such as Mg. Mn, Cr, Zr. V, Zn. Ni, Qa, Li and Be as inpurities. When 
the content of each element is as smaU as up to atx>ut 0.05 wt%. no significant effect is exerted on the results of the 
40 present invention. 

[0038] in the present invention, the recrystallized grain structure in the surface layer of the hot-rolled plate is regulated 
as explained below. 

[0039] A melt of an aluminum alloy having a chemical composition as mentioned atx>ve and prepared by a slag-off 
procedure, and the like, is conventionally cast into an ingot. Although there is no specific limitation on the casting 
45 method, semicontinuous casting is desirable. Although there is no specific limitation on the tiiickness of the ingot tiie 
thickness is usually from about 500 to 600 mm. 

[0040] When tiie ingot is scalped, it is homogenized by holding it at temperatures of 350 to 480'C. A holding time of 
about 30 minutes to 1 2 hours is suitable for the homogenizing treatment. As described above, one of the features of the 
present invention is tfiat tiie homogenizing treatment is conducted at low temperature, compared with the conventional 

50 ona During the low temperature homogenizing treatment, those alloying elements which are dissolved in supersatura- 
tion during casting form uniform and fine precipitates as intermetallic compounds. The precipitates prevent realization 
of recrystall'ization in the course of the subsequent hot roiling by the pinning effect of trapping dislocations introduced 
by working in the hot-rolling step. When the homogenizing temperature is lower than 350°C. precipitation of the irtter- 
metalfic compounds becomes insufficient On the other heind, when the homogenizing temperature exceeds 480''C, the 

S5 intermetallic compounds having been precipitated redissolve during heating, and the fine intermetallic compourxis 
effective in trapping dislocations are decreased, whereby realization of the recrystallization in the course of hot rolling 
cannot be surely prevented. Therefore, it becomes Impossible to cause recrystallization In the final pass alone and. as 
a result, to form a fine recrystallized grain structure in the surface layer of the hot-rolled plate. When the holding time 
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for the homogenizing treatment is less than 30 minutes, precipitation of the intermetallic compounds is not suffident. 
On the other hand, when the holding time exceeds 12 hours, the precipitated particles have the possibility of being 
redissotved even at holding temperatures in the range of the present invention if the temperatures are on the high tem- 
perature side, and the production cost increases. Since the homogenizing treatment is carried out at lower temperature 
5 in the process of the present invention tiian in a conventional process as explained above, the present invention is also 
favorable to energy saving. 

[0041] After the homogenizing treatment, the ingot is hot-rolled generally in at least several rolling passes. In the 
present invention, it is essential that recrystallisation of tfie hot-rolled plate Is not realized in the course of hot rolling. In 
order to achieve the object, the presence of fine precipitates formed by homogenizing treatment Is important. The fine 

10 precipitates delay realizing the recrystalllzation because they trap or pin dislocations introduced into the hot-rolled plate 
as work strain of hot rolling and prevent the start and progress of the recovery and recrystalllzation process. As 
explained above, a uniform and fine reaystallized grain structure is formed in the surface layer of the hot-rolled plate by 
preventing the realization of recrystalllzation in the hot-rolled plate in the course of hot rolling so that the work strain is 
accumulated and hekJ until after the end of the final pass, and realizing the recrystalllzation all at once after the final 

IS pass. 

[0042] Hot-rolling an ingot can be started immediately after homogenizing it, or after homogenizing, scalping, and 
. then reheating it to a selected temperature. In the present invention, in order to regulate the structure of the aluminum 
alloy among passes of hot rolling and after finishing hot rolling, regulation of the homogenizing corxJitions is essential. 
Moreover, when tiie hot roiling starting temperature and finishing temperature are regulated, the substrate of the 

20 present Invention can be easily produced. 

[0043] The hot rolling starting temperature is desirably from 300 to 480*'C. When the hot rolling starting temperature 
Is lower than 300''C. stabilized hot rolling is difficult due to a high resistance to rolling. On the other hand, when the hot 
rolling starting temperature exceeds 480''C, recrystalHzation of the rolled plate tends to be realized anx)ng passes at a 
usual hot rolling rate. Moreover, the recrystallized grains tend to grow, and the work strain is relieved. As a result, it 

25 becomes difficult to realize the recrystalllzation all at once by accumulating and holding the work strain until after the 
final pass. In particular, it becomes difficult to form a uniform and fine recrystallized grain structure in the surface layer 
of the hot-rolled plate, and coarse recrystallized grains tend to be formed. 

[0044] The hot rolling finishing temperature is desirably from 200 to 380°C. Moreover, the plate thickness at tfie end 
of hot rolling is desirably from 2 to 10 mm. When the hot rolling finishing temperature and the finishing thickness are 

30 regulated to the ranges as mentioned above, the hot-rolled plate subsequent to the final pass is not required to be par- 
ticularly heated and heat-retained. The hot-rolled plate is simply allowed to cool, and recrystalllzation in the plate can 
t>e easily caused with the waste heat of the plate material itself. A plate thickness convenient for cold roiling in the sub- 
sequ«Tt step is thus obtained. A plate thickness of 3.5 to 7 mm at the time of finishing hot rolling is more desirable. 
[0045] The reduction by hot rolling in the final pass is desirably at least 55%. Since recrystalllzation of the hot-rolled 

35 plate is realized after ttie final pass In the present Invention, the work strain caused by the final pass most significantiy 
influences the recrystallization. Accordingly, imparting a large work strain to the plate by the final pass with such a 
reduction as mentioned above is very favorable to finally forming a uniform and fine recrystallized structure in the sur- 
face layer of the hot-rolled plate. That is, when the plate is hot rolled with a reduction of at least 55% in the final pass, 
an average recrystallized grain size of less than 50 \im and a maximum grain size of less than 100 |im can be easily 

40 obtained In a direction normal to the rolling direction at least In the surface layer of the hot-rolled plate. 

[0046] Although the surface layer of the hot-rolled plate in the present invention designates a region having a deptii 
up to about 800 \im from the plate surface when the plate has a thickness up to 10 mm, a depth to be removed by etch- 
ing during electrochemical graining is taken into consideration in determining the region. That is. the hot-rolled plate is 
cold-roDed to give an alloy substrate having a final thickness of about 0.15 to 0.5 mm, and the cold-rolled plate is elec- 

45 trochemically grained so that a surface portion about 10 to 20 ^ tiiick is removed by etching. As a result, a plane of 
the initial substrate having been situated at the depth to which the substrate surface portion is removed by etching is 
exposed as a final grained surface. The surface portion of tfie hot-rolled plate is determined in the following manner: the 
etching removal depth of the substrate is converted to the depth from the surface of tiie hot-rolled plate, and the thick- 
ness is considered to some extent so that the irregularities of the grained surface are fully included. As a typical exam- 

50 pie, for a hot-rolled plate having a thickness of 2 to 10 mm. the surface layer designates a region having a depth of 200 
to 800 lun. 

[0047] Since the recrystallized grain size in the surface layer, as mentioned above, does not change substantially in 
the thickness direction when the hot-rolled plate has a tiiickness up to 10 mm. an evaluation of the recrystallized grain 
size in tfie surface layer of the hot-rolled plate can be made by measuring tfie recrystallized grain size on the surface of 
55 the hot-rolled plate. 

[0048] In the present invention, the hot-rolled plate Is satisfactory when at least the surface layer thereof is formed 
with a uniform and fine recrystallized grain structure. That is, whether or not the core portion of the hot-rolled plate is 
confiposed of a uniform and fine recrystallized structure is out of the question for reasons as explained below. Streaks 
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or sltreak patterns on the lithographic printing plate support are nnanifested by electrochemical graining, and the core 
portion of the plate is not directly related to the formation of the streaks or streak patterns. 

[0049] Whether or not recrystallization in the plate has taken place in the course of hot rolling can be easily judged 
by observing the structure of the material immediately before hot-rolling of the final pass. When recrystallization has not 

5 taken place in the course of hot rolling, grains of the cast structure become a fibrous worked structure elongated in the 
rolling direction. Conversely, when recrystallization takes place in the course of hot rolling, the fibrous worked structure 
having been formed before the recrystallization disappears. As a result, the elongation of the worked structure is small 
compared with that of the worked structure in which recrystallization has not taken place in the course of hot rolling, or 
the worked structure has disappeared. 

10 [0050] One of the features of the mechanical properties of the aluminum alloy substrate according to the present 
invention is that work hardening of the plate caused by cold rolling is small. In the present invention, Fe dissolved in the 
ingot in supersaturation during casting forms many fine precipitates as Intermetallic compounds by homogenizing at 
temperatures of 350 to 480*^0 which are low compared with conventional homogenizing ones, and as a result the 
amount of dissolved Fe is decreased. Accordingly, even when intermediate annealing and final annealing are not con- 

15 ducted in the step of cold-rolling the hot rolled plate, marked work hardening of the plate does not take place, and tfie 
tensile strength of the cold-rolled plate does not become significantiy high. Therefore, even when cold rolling is con- 
ducted while intermediate annealing and final annealing are omitted, aack formation of the support in the mounted por- 
tion on a printing drum and the bent portion during printing is decreased because the support is excellent in 
mountability on the printing drum and bendability, and the resistance to printing of the support is thus improved. 

20 [0051] In conventional procedures, since the homogenizing temperature Is high, fine precipitates are not present. As 
a result, there is no decrease in an amount of dissolved Fe due to precipitation of Fe. Omission of intermediate anneal- 
ing orfinal annealing in the cold rolling, therefore, results in a high tensile strength of the substrate. Accordingly, the sub- 
strate as a support shows decreased mountability on a printing drum and decreased bendability, and cracks tend to be 
formed in the mounted portion and bent portion during printing, which lowers the resistance to printing of the printing 

25 plate. It has. therefore, been impossil)le to omit intermediate annealing in the cold rolling step. 

[0052] As explained above, an aluminum alloy substrate for a litiiographic printing plate is produced by the steps of 
casting, scalping, homogenizing, hot rolling and cold rolling in the present invention. However, intermediate annealing 
in the course of cold rolling and/or final annealing after finishing cold rolling can also be conducted, if necessary. More- 
over, leveling with a leveler for inrproving the flatness of the substrate can also be conducted after finishing cold rolling. 

so [0053] Intermediate annealing in the course of ooid rolling or final annealing can be conducted, if necessary. The 
annealing procedure can be either batch annealing or continuous annealing. 

[0054] Batch annealing is typically conducted at temperatures of 200 to 600**C for a holding time of 1 to 24 hours. 
When the holding temperatures are lower than 200^0, the annealing effect of removing work hardening caused by cold 
rolling Is insufficient When the holding temperatures exceed GOCC. the recrystallized grains are coarsened, and a 

35 grained surface having a high uniformity in appearance cannot be obtained by an electrochemical procedure. Moreover, 
the mechanical properties are also deteriorated, and a good resistance to printing cannot be obtained. When the hold- 
ing time is less than 1 hour, the annealing effect of removing work hardening is insufficient When the holding time 
exceeds 24 hours, the annealing effect is saturated, and the process simply becomes uneconomical. 
[0055] Typically, using a continuous annealing apparatus, continuous annealing is conducted by heating tiie cold- 

40 rolled plate to a temperature of 350 to 600*^0 at a heating rate of at least VC/sec, and cooling the plate to a temperature 
up to 1 00**C at a cooling rate of at least 1 ^'G/sec, desirably at least 500**C/sec by water cooling, when the plate is heated 
to a selected tenrperature. Although there is no specific limitation on the continuous annealing apparatus, a transverse 
flux induction heating system the heating method of which utilizes the heat generation of the aluminum alloy itself is 
desirat)le because the amount of oxide film formation on the aluminum alloy plate surface is small and adverse effects 

45 on the plate surface are insignificant 

EXAMPLES 
Example 1 

so 

[0056] Aluminum alloy melts each having a chemical composition as shown in Table 1 were prepared. In Table 1, 
alloys A to H each had a chemical composition in the range of the present invention, and alloys I to L each had a chem- 
ical composition outside the range of the present invention. 

[0057] Each of the aluminum alloy melts was semicontinuous-cast to give an ingot having a thickness of 560 mm. 
55 Both surfaces of the ingot were scalped so that the thickness was decreased by 10 mm per side and the ingot had a 
thickness of 540 mm. 

[0058] The ingot was homogenized for 4 hours, and hot-rolled with a reversing rolling mill to give a hot*rolled plate 
having a thickness of 6 mm. The plate was hot-rolled with a number of passes of 15. and a time between a pass and 
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the following pass was in the range from 10 sec to 1.5 minutes. Table 2 shows the homogenizing temperature, the start- 
ing and finishing temperatures of hot rolling and the reduction In the final pass. In Table 2, the conditions of homogeniz- 
ing treatment and hot rolling of each of the sample Nos. 1 to 5 were within the scope of the present invention. At least 
one of the conditions was outside the scope off the present invention when each of the sample Nos. 6 to 12 was pre- 
5 pared. 

[0069] Each of the hot-rolled plates was subsequently cold rolled to give a cold rolled plate having a thickness of 0.24 
mm as a sii>strate. 

[0060] For each of the alloy substrates in examples (sample Nos. 1 to 5) and comparative examples (sample Nos. 6 
to 12) obtained under the production conditions shown in Table 2. measurements of a recrystallized grain size In the 
10 surface layer of a hot-rolled plate, uniformity in pit shapes and uniformity in appearance of the electrochemically grained 
surface, a dissolved amount of Fe, a tensile strength and a proof stress subsequent to burning treatment of the cold- 
rolled plate were made, and the results are also shown in Table 2. TTie measurements were made as explained below. 

(1) Recrystallized grain size In surface layer of hot-rolled plate 

IS 

[0061] A surface of a hot-rolled plate was mirror-finished, and anodized with a Barker's solution (solution containing 
1 1 ml of tetraff luoroboric add per liter). The grains were observed with a polarizing microscope, and the grain size was 
measured by the linear tine method in a direction normal to the rolling direction. Table 2 also shows the minimum value, 
the maximum value and the average value of the grain size thus obtained. 
20 [0062] Furthenmore, the grain structure of a hotHX>lled plate directly before hot rolling of the final pass was observed 
by the same procedure as mentioned above. 

(2) Uniformity in pits on electrochemically grained surface 

25 [0063] The alloy substrates obtained by cold rolling were brush-grained in a pumiceAvater suspension, alkali-etched, 
and desmut-treated. 

[0064] Thereafter, electrochemical graining was carried out by electrolytic etching in 1% nitric add using a power sup- 
ply providing an electrolytic waveform with alternating polarity at an anodic electridty quantity of 150 Coulomb/dm?. 
[0065] The treated substrates were cleaned in sulfuric add. and the grained surface thereof was ot>served urxfer a 
30 scanning electron microscope (SEM). The surface was evaluated as "good (o)" when the etch pits were uniform, and 
"toiled (x)" when many unetched portions were found or graining was nonuniform. 

(3) Unifbnmity in appearance of electrochemically grained surface 

3s [0066] The substrates were electrolytically grained by the same procedure as in (2), and deaned in sulfuric add. 
TTiea an anodic oxide film was formed in sulfuric add. and the grained surface of the substrates was observed with the 
naked eye to evaluate the uniformity in appearance. The appearance was evaluated as "good (o)" when the appearance 
was uniform to such a degree that the surface substantially had no streaks and streak patterns were not found, "some- 
what poor (A)** when the appearance was not allowably uniform to such a degree that the surface had slight streaks and 

40 strecU^ patterns were found to some extent, and "failed (x)** when the appearance was nonuniform to such a degree that 
the surface had many streaks and streak patterns were dearly fourKl. 

(4) Amount of dissolved Fe 

45 [0067] Tlie alloy substrate obtained by cold rolling was dissolved in hot phenol, and the dissolved matrix was sepa- 
rated from the intermetallic compounds as a residue by f iltertng. Fine Intermetalllc compounds having passed through 
the fitter were separated from the filtrate by extraction with a solution containing 10% of dtric acid. The amount of Fe 
dissolved in the solution was measured as an element dissolved in the substrate by an ICP spectral analysis apparatus. 

so (5) Tensile strength 

[0068] A tensile test piece (JIS No. 13 B) was prepared from the alloy substrate obtained by cold rolling, and the ten- 
sile strength cfb was measured. 

55 (6) Proof stress subsequent to burning treatment 

[0069] The alloy sut>strate obtained by cold rolling was subjected to burning treatment in which the substrate was 
heated at 270''C for 7 minutes. A test piece (JIS No. 1 3 B) was prepared from the treated substrate, and the proof stress 
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was measured. 

[0070] In addition, in order to judge whether or not recrystaliization of the plate was realized in the course of hot roll- 
ing, the structure of a hot-rolled plate 6 mm thick having been produced under the same conditions of producing any of 
the numt>ered samples in Table 2, until the step of hot rolling, was observed just before hot rolling of the final pass. As 

5 a resuK, It was confirmed that a hot-roUed plate produced under the same conditions of producing any of the sample 
Nos. 1 to 5 in examples and a hot-rolled plate produced under the same conditions of producing the sample No. 6 in 
comparative examples showed immediately before hot rolling of tiie final pass a fibrous worked structure formed with 
grains significantly elongated long in the rolling direction and that no recrystaliization, therefore, had taken place in the 
hot*rolied plates in the course of hot rolling. It was confirmed that in contrast to the hot-rolled plates mentioned above, 

10 hot-roiled plates produced under tiie same conditions of producing the sample Na 7 or No. 8 showed immediately 
before hot rolling of the final pass a small elongation of the grains and that recrystaliization, therefore, had taken place 
In the hot-rolled plates in the course of hot rolling. 

[0071] It is understood from tiie results in Table 2 that the pit shapes on the electrochemically grained surface of the 
sample Nos. 9 to 12 (alloys i to L) the chemical compositions of which were outside tiie range of the present Invention 
IS were not uniform. 

[0072] Moreover, since the sample Nos. 1 to 5 in examples were not recrystallized in the course of hot rolling as 
explained above, the average grain sizes of the surface layer of the hot-rolled plates were less than 50 pm, and the max- 
imum grain sizes were up to 95 ym. The hot-rolled plates thus showed a fine and uniform recrystallized grain structure. 
As a result, the hot-rolled plates showed no streak patterns on the electrochemically grained surface, and a good uni- 
20 formity in appearance. Furthennore, since the hot-rolled plates had a low tensile strength, a good mountability on a 
printing drum and a good bend€d3ility could be ensured. 

[0073] Furthermore, since the hot-rolled plates have a high 02% proof stress subsequentiy to burning treatment, a 
sufficierrt resistance to printing of the plates can be ensured even when a type requiring tiie fcHjrning treatment is 
enrplpyed. 

25 [0074] The sample No. 6 in conparative examples was not recrystallized in tiie course of hot rolling. However, since 
the reduction of hot rolling of tiie final pass was as low as 30%, the average recrystallized grain size in the surface layer 
of the hot-rolled plate was as large as 1 50 \im. Consequentiy, streak patterns were cleariy observed on the grained sur- 
face of the cold-rolled plate (substrate), and the uniformity in appearance could not be obtained. Furthermore, since the 
plate showed a high tensile strength, a good mountability on a printing drum and a good bendabifity of the plate couki 

30 not be ensured. 

[0075] Since the homogenizing temperature, and the starting and finishing temperatures of hot rolling of the sample 
No. 7 in comparative examples were high, reaystallization took place in the course of hot rolling, and the average 
recrystallized grain size in the surface layer of tiie hot-rolled plate was as large as 250 ijum. Consequentiy. streak pat- 
terns were clearly ok>served on the grained surface of the cold-rolled plate (substrate), and the uniformity in appearance 
35 of the plate could not be obtained. Moreover, since tiie plate had a high tensile strength, a good mountability on a print- 
ing drum and a good bendability of the plate could not be ensured. 

[0076] Since the homogenizing temperature of tiie sample No. 8 in comparative examples was high, recrystaliization 
took place in the course of hot rolling, and the average recrystallized grain size in the surface layer of the hot-rolled plate 
was as large as 130 ^m. Consequentiy. streak patterns were dearly observed on the grained surface of the cold-rolled 

40 plate (substrate), and tiie uniformity in appearance could not be obtained. Moreover, since tiie plate had a high tensile 
strength, a good mountabiDty on a printing drum and a good bendability of the plate ooukf not be ensured. 
[0077] Since the chemical compositions of the alloys of sample Nos. 9 to 12 in corrparative examples were outside 
the range of the present invention, the pit shapes on the electrochemically grained surface of each of the samples were 
nonuniform. It was, therefore, evident that the plates were not suitable as substrates. Accordingly, no measurements of 

45 the recrystallized grain structure of the hot-rolled plates, the uniformity in appearance of tiie grained surface, the 
amount of dissolved Fe, the tensile strength and the proof stress after burning treatment of the cold rolled plates (sub- 
strates) were made. 

Example 2 

so 

[0078] Using the alloys A to H shown in Table 1 and each having a chemical composition within the range of the 
present invention, hot-rolled plates 6 mm thick were produced under the same conditions of producing the sample Nos. 
1 to 8 in Example 1 as shown in Table 2. until the step of hot rolling. The hot-rolled plates were cold-rolled to give cold 
rolled plates having a tiiickness of 1 mm. The cold-rolled plates were intermediate-annealed, and finally cold-rolled to 
55 give a cold-rolled plates (substrates) havjng a tiiickness of 0.24 mm. The intermediate annealing was conducted either 
by batch annealing or continuous annealing. The t>atch annealing was conducted by heating a cokJ rolled plate at a tem- 
perature rise rate of 50**C/sec. held at a selected temperature for 1 hour, and air-cooled to room temperature. The con- 
tinuous annealing was conducted by rapidly heating a cold-rolled plate at a temperature rise rate of 300''C/sec with a 
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transverse flux induction system, and water-cooling the heated plate immediately after reaching a selected tempera- 
ture. The conditions of the respective plate-producing steps as mentioned above are summarized in Table 3. 
[0079] Measurements of the uniformity in pit shapes and the uniformity In appearance on the electrochemically 
grained surfece. the anK)unt of dissolved Fe. the tensile strength and the proof stress after burning treatment were 
5 made on each of the alloy substrates of sample Nos. 13 to 22 in examples and samples Nos. 23 to 28 in comparative 
examples obtained by plate-produdng steps in Table 3 by the same procedure and conditions as in Example 1. The 
measurement results are also shown in Table 3. 

[0080] It is seen from the results in Table 3 that since the sample Nos. 13 to 22 in examples and the sample Nos. 23 
to 28 in comparative examples each had a chemical composition of alloy within the range of the present invention, the 
10 uniformity in pit shapes on the electrochemically grained surface was good. 

[0081] Furthermore, conditions of producing any of the sample Nos. 13 to 22 of examples until the step of hot rolling 
were the same as those of producing one of the sample Nos. 1 to 5 of examples in Example 1. Since the samples were 
not recrystallized in the course of hot rolling, the average recrystallized grain sizes in the surface layer of the hot rolled 
plates were as fine as less than 50 pm and no streak patterns were observed on the grained surfoce of the cold-rolled 
15 plates (substrates). A good uniformity in appearance of the plates was thus obtained. Moreover, since the tensile 
strength of the plates was low. a good mountability on a printing drum and a good bendability of the plates could be 
ensured. Furthermore* since the 0.2% proof stress of the plates subsequent to burning treatment was high, a sufficient 
resistance to printing can be ensured even when the plates were used for a type requiring burning treatment. 
[0082] In contrast to the samples No. 1 3 to No. 22, conditions of producing samples No. 23 and Na 24 in comparative 
20 examples were the same as those of producing the sample No. 6 in Example 1 until the step of hot rolling. The samples 
No. 23 and No. 24 were not recrystallized in the course of hot rolling. However, since the reduction of hot rolling of the 
final pass was as low as 30%. the average recrystallized grain sizes in the surface layer of the hot-rolled plates were as 
large as 150 ^m. As a result, streak patterns were clearly observed on the grained surface of the cold-rolled plates (sub- 
strates) though intermediate annealing had been conducted in the cold rolling step, and a good uniformity in appear- 
25 ance coidd not be obtained. 

[0083] Conditions of producing the samples No. 25 and No. 26 in comparative examples were the same as those of 
producing the sample No. 7 in Exannple 1 until Vne step of hot rolling, and the samples were recrystallized in tiie course 
of hot rolling. Accordingly, the average recrystallized grain sizes in the surface layer of the hot rolled plates were as large 
as 250 |xm. Streak patterns were, therefore, clearly observed on the grained surface of the cdd-rolied plates (sub- 
so strates) though intermediate annealing had been conducted in the cold rolling step, and a good uniformity in appear- 
ance could not be ot>tained. 

[0084] Conditions of producing samples No. 27 and No. 28 in comparative examples were the same as those of pro- 
ducing tiie sample No. 8 in Example 1 until the step of hot rolling. Accordingly, the average recrystallized grain size in 
the surface layer of the hot rolled plates were as large as 130 ^m. Streak patterns were, therefore, clearly observed on 
35 the grained surface of the cold-rolled plates (substrates) though intennediate annealing had been conducted in the cokJ 
rolling step, and a good uniformity in appearance could not be obtained. 
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[0085] As explained above, according to the present invention, the recrystallized grain size in the surface layer of a 
hot-rolled plate can be uniformly and finely regulated by homogenizing the ingot at temperatures which are lower than 
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those in a conventional procedure to precipitate fine intermetallic compounds, and thus preventing realization of recrys- 
tallization in the course of hot rolling so that the hot-rolled material is recrystallized all at once after hot rolling of the final 
pass. When the hot-rolled plate is cold-rolled by a conventional procedure, an aluminum alloy substrate for a litho- 
graphic printing plate the electrochemically grained surface of which shews uniform pit shapes, no streak patterrts and 

5 uniformity in appearance can be produced. 

[0086] Furthermore, since the amounts of dissolved elements (Fe in particular) of the aluminum alloy substrate of the 
present invention are decreased by precipitating the elements as intermetallic compounds, the substrate shows a low 
tensile strength. As a result, the substrate shows a good mountability on a printing drum and a good bendability. Still 
furthermore, since the substrate has a high proof stress after burning treatment, a sufficient resistance to printing of the 

10 substrate can be ensured even when the substrate must be subjected to burning treatment. 

[0087] Homogenizing the ingot at low temperature is also advantageous from the standpoint of saving energy 

Claims 

IS 1. A process for producing an aluminum alloy substrate for a lithographic printing plate, conprising the steps of: 

preparing an aluminum alloy ingot comprising 0.10 to 0.40 wt% of Fe. 0.03 to 0.30 wt% of Si, 0.004 to 0.050 
wt% of Cu. 0.01 to 0.05 wt% of Ti. 0.0001 to 0.02 wt% of B and the balance of Al and unavoidable impurities, 
homogenizing the ingot at a temperature of 350 to 460*0. 
20 subsequently hot-rolling the ingot in a plurality of passes to form a hot-rolled plate in such a manner that the 

aluminum alloy is not recrystallized prior to a final pass of said plurality of passes and is recrystallized at least 
in a surface layer of the hot-rolled plate only In the final pass to form a recrystallized structure having an aver- 
age recrystallized grain size of less than 50 ^m in a direction normal to the rolling direction, and 
cold-rolling the hot-rolled plate. 

2. The process for producing an aluminum alloy substrate for a lithographic printing plate according to claim 1. 
wherein a reduction in said hot rolling of the final pass is at least 55%. 

3. The process for producing an aluminum alloy substrate for a lithographic pnnting plate according to claim 1 or 2, 
30 wherein said recrystallized structure has a maximum recrystallized grain size of less than 1 00 ^ in a direction nor- 
mal to the rolling direction. 

4. Use of the aluminum alloy substrate obtainable by a process as defined in any one of the claims 1 to 3 for a litho- 
graphic printing plate. 
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